This paper proposes an optimal setting method of GESCC (generator excitation system correlation coefficient) based on power grid operation data set. By means of selforganizing feature mapping neural network, the typical operation modes and the occurrence probability of the grid are obtained based on power grid operation data set. On this basis, the influence of different values of GESCC on the power grid is analyzed, and the GESCC of the generator can be optimized. Simulation results of Jilin regional power grid show that using the proposed method the network loss is reduced, the power grid voltage level is improved, and the voltage fluctuation decreases at the same time, while the operating characteristics of both the load and the renewable energy power generation are fully considered.
1.INTRODUCTION
The reactive voltage control of power system is an important content to ensure the safe and economic operation of the power grid. The generator is an important reactive power in the power grid. In the reactive power optimization of the power grid, it is significant to improve the generators' ability to support the voltage of local power grid and to optimize the distribution of reactive power in power grid, in terms of reducing the active power loss in the power grid and lifting the level of power grid voltage (Hiscock and Hazel,2008) .
When the load changes, the generator can spontaneously regulate reactive power in a fast and continuous manner. The correction coefficient of its excitation system (ESCC) is a decisive factor of the generator's characteristics of large-range, fund-free reactive power regulation. In planning the power grid, to simultaneously determine a proper value of ESCC and launch the reactive power compensation installment can further improve the voltage level of the power grid and reduce the loss of the power grid while saving the investment on equipment. These combined measures are of great significance to the optimization configuration of reactive power in local power grid.
In recent years, in the face of requirements of low carbon, energy conservation, and emission reduction, the usage of renewable energy in electricity generation has developed rapidly. Until now, the amount of electricity generated from renewable energy other than hydropower has exceeded 2% of the total power generation (Zhao et al.,2014; Ma and Yang,2012; Sun et al.,2012) .Compared with the conventional way of electric power generation from thermal power, the renewable energy represented by wind power and photovoltaic power has strong randomness and intermittence. It has been increasingly popularized the power supply types ofcentralized large-scale grid-connected wind farm (clusters), as well as distributed power serving for power distribution network. Such being the case, in the process of reactive voltage optimization of local power grid, it is necessary to take into account the uncertainty of renewable energy based electricity generation in addition to the uncertain load conditions, with respect to determination of the generator excitation system correlation coefficients (GESCCs, similarly hereinafter) (Chi et al.,2007; Cao,2011; Guan,2008; Zhang andYe,2008; Zheng and Feng, 2010) . Domestic and foreign scholars launched in-depth studies on GESCC setting towards the improvement of the voltage level of power grids and the reduction in grid loss. Some literatures (Zhouet al., 2003; Cheng and Sun, 2007; Noguchi andShimomura,2006; Wang and Zhu, 2004) discussed the influence of different GESCCs on power grid stability in the single-machine-infinite bus system. The effectsof the generator reactive voltage regulation on local grids when the correlation coefficients are fixed at different values was excluded though. The GESCC optimization schemes in different operation modes is proposed (Sunet al.,Cheng 2006; Wang, 2013) , without considering the uncertainty induced by connecting renewable energy based electricity generation system to power grid. In analyzing the reactive voltage of wind-power-included local power grid, usually we only took into account the probability distribution of wind power generated in the one-to-one node-fan condition (Yu and Cao, 2011) . The multi-fan parallel connection condition was discussed, albeit on the premise that the wind velocity of each fan was completely in accordance with the in-service characteristics. As the disparity of wind power features between wind fields as well as the cluster effect of centralized multiwind-power-field access to power grid were ignored, the GESCC setting scheme obtained failed to satisfy the actual operation requirements of power grid (Chen et al., 2008) . The wind power / wind farm group power fluctuation probability model was further analyzed in Literature (Cui et al.,2008; Zhai et al.,2016; Lin et al.,2016; Xie et al.,2016) . However, it failed to allow for the effect exerted on generator reactive voltage regulation when the large-scale wind power long field group was connected to the power grid.
In this paper, we proposed a GESCC optimization method based on grid operation data set. Using self-organizing maps (SOM) and grid operation data sets, the grid operation mode is clustered. All the typical operation modes capable of simultaneously reflecting load variation and renewable power generation operating characteristics are obtained. Accordingly, we determined the GESCC optimization schemes. By applying the proposed method to actual power grids, the simulation results show that the method has obvious effect on increasing the voltage level and decreasing the active power grid loss.
2.INTRODUCTION TO THE GESCC
GESCC is the linear slope of the generator terminal voltage U G that changes with the change of the reactive power Q G , which is expressed as GESCC represents the characteristics of generator reactive voltage regulation. If the ESCC is overly large, the generator will be insensitive to load change such that the voltage fluctuation is great with the change of reactive power load; if ESCC is too small, the parallel operation unit in the power plant will fail to run steadily, and the reactive power will fluctuate greatly at the tiny change of system voltage. Therefore, in the optimization process, either the demand for power grid voltage or the requirement that the reactive power should be controlled within the threshold should be satisfied.
GESCC OPTIMIZATION MODEL BASED ON THE POWER GRID OPERATION DATA SET

Target function
To analyze the effect of different GESCCs on the reactive voltage in local power grids, we obtained every typical operation mode and its frequency of occurrence according to the operation dataset. With the constraint conditions that the busbar voltage and the generator reactive power are maintained within the thresholds, we establish the target function aimed at minimizing the sum of active power grid loss and voltage fluctuation index in every typical operation mode: 
Constraint conditions
We plan the ESCC node as the Pnode. According to formula (2), we obtain the power flow calculation model of ESCC.
In each typical operation mode, the constraint conditions are as follows:
Where nis the total number of nodes, mis the number of P nodes. There isnmr1PQnodes all together.
2) Control variable constraints
The control variables are GESCC.
The constraint of GESCC is
Where β i is the GESCC of the ith generator,β imax andβ imin are the respective upper boundary and lower boundary of the ith generator's excitation system correlation coefficient.
3) Safety constraint conditions
The voltage operation constraint of each power grid node is:
Where U i is the ith node's voltage magnitude,U imax andU imin are the respective upper boundary and lower boundary of the ith node's voltage magnitude.
The generator reactive power operation constraint is:
Where Q i is the ith generator's reactive power, Q imax and Q imin are the respective upper boundary and lower boundary of the ith generator's reactive power.
4.THE GESCC OPTIMIZATION METHOD BASED ON POWER GRID OPERATION DATASET
In the power grid operation dataset based GESCC optimization model, the control variables are the excitation system correlation coefficients of all generators. Before it, we should determine the power grid's operation data in the typical operation mode, based on which we calculate the optimized GESCC. Therefore, we divide the solution steps in two parts:
The first step is to cluster the power grid operation mode according to the self-organizing maps and the operation dataset, with the electricity generation load and the renewable energy generation data as the input vector. According to the cluster result, we determine several typical operation modes and their independent frequency of occurrence;
The second step is to calculate the power flow in each typical operation mode for any unit generator's excitation system correlation coefficient. Accordingly, we obtain the sum of voltage fluctuation index and grid loss in all the operation modes. The sum value is the target function of the corresponding generator's correlation coefficient. The optimization result of GESCC can be obtained by using the modified particle swarm algorithm.
acquisition of typical operation modes
SOM neural network is an unsupervised neural network proposed by Professor Kohonen in 1981, which consists of the input layer and output layer, as shown in Figure 1. … … Figure 1 .Topology structure of SOM neural network SOM neural network can project the high-dimensional input vector to a plane grid. The input nodes and output nodes are connected through weight vector. By constantly adjusting the weight vector, the problem of knowledge mining and data classification is solved. The clustering method based on SOM network has been widely used in load clustering and load forecasting Niu and Wei,2008) .
Load and the uncertainty of renewable energy power generation are necessary factors to be considered during regulating the reactive voltage of power grid. Therefore, our representative vector of the operation status is represented by the high-dimensional vector of the active power and reactive power of both the grid load and the renewable energy based electricity at a certain moment. SOM neural network is used to cluster the operator status representative vector at all moments. The operation mode of cluster center is regarded as the typical operation mode. The frequency of occurrence of a typical operation mode is set as the percentage of the number of operation modes included in the same cluster to the total number of operation modes.
In addition, in order to ensure the validity of the typical operation mode and probability of occurrence, we continue updating the cluster results according to the latest grid operation dataset. In this way, we expect that all the cluster results can represent the operation characteristics of load and renewable power based electricity generation in all operation modes.
The operational data set used in this paper is the actual measured data of grid from May to December of 2012. The data of grid operation per hour is taken as the actual running state of the grid. Therefore, there are 5,880 operation states in the entire set of grid operation data set.
The load of each grid node and the active power and reactive power of the grid in each operating state constitute the representative vector of the state characteristics.Running states are classified by using the SOM neural network. The calculation flow is shown in Fig.2 . The running mode represented by each cluster center is the typical running mode, and the percentage of each cluster running mode is the most typical running mode.
GESCC optimization and setting
Particle Swarm Optimization (PSO) is an easy-to-realize optimization algorithm inspired by the individual behaviors in the whole group system, resting little on empirical parameters. In recent years, PSO has been modified from different perspectives, so that its optimization performance and convergence efficiency are much better than before. Accordingly, PSO has been widely applied to many optimization problems of power system (Zhang and Geng,1998; Fan and Xing, 2015; Hou and Lu, 2004) .
According to the typical operating mode and the probability of occurrence obtained in
Step 1, we determine the GESCC of a group of generator, based on which the power flow in all typical operation mode is calculated. The grid loss efficiency and voltage of the power flow results are substituted into formula (3) -(5), so that obtaining the target function that corresponds to the correlation coefficient of the group of generator. The modified PSO algorithm is used to optimize GESCC.
In this paper, an improved particle swarm optimization algorithm with repulsion factor is used to optimize the calculation. The relevant formula is as follows:
The particle velocity and position update formula is
is the D-dimensional position vector of the ith particle in the
is the D-dimensional velocity vector of the ith particle in the kth generation;c 1 ,c 2 are acceleration factors;r 1 ,r 2 are randomized in the interval of (0,1);
is the best position of the ith particle till the kth
is the optimal position of the whole particle group until the kth generation;ωis the inertial weight coefficient,
,ω ini is the initial weight,ω end is the final weight,k max is the maximum iteration time,k is the current iteration time.
CASE STUDY
In order to illustrate the application effect of the proposed method, the pair of GESCC setting schemes is applied to the grid of Jilin Province, in which grid operating data in the two schemes are compared.
Scheme 1: the initial value of GESCC before being optimized.
Based on the measured data of reactive power and voltage of the generator, the measured value of GESCC is obtained and applied to the generator of Jilin power grid. Based on the historical operation data of Jilin power grid from May to December, we determine the active power grid loss and the voltage fluctuation index.
Scheme 2: The proposed GESCC optimization method is used to set the value of GESCC.
First of all, we employ the self-organizing map to cluster all grid operation modes, so that obtaining the 25 typical operation modes and their frequency of occurrence, as listed in Table 1 .
We optimize GESCC on this basis, and apply the optimized value to the generator of Jilin power grid. Based on all the historical operating data, we calculate the power flow, with which the active power grid loss and the voltage fluctuation index are determined.
The above two schemes are independently used to set GESCC. Based on the historical data from May to December in 2012, we calculate the power flow. The simulation results are shown in Table 2 , in which the operation limit of the node voltage is 0.97~1.07 p.u., and thelower limit of the generator power factor is 0.85.
Based on the GESCC optimization result in Table 2 , we reset the GESCC of Jilin power grid. The power flow is computed according to data of each operation mode, and accordingly we obtain the change of busbar voltage before and after the optimization scheme is implemented. Table 3 is the comparison result of 220V busbar voltage range of part of the transformers in Jilin power grid before and after optimization. As shown in Table 3 , before the GESCC is optimized, the voltage range of the node is between 0.88 and 1.03p.u., and the maximum fluctuation reaches 0.11p.u.. After optimization, the voltage range of the node is between 0.93 and 1.04 p.u., and the maximum fluctuation reaches 0.06p.u.. The difference of measured value shows that the level of power grid voltage has been lifted remarkably, and that the magnitude of voltage fluctuation is much lowered down. After the GESCC is optimized and set, we calculate the power flow based on the grid operation data set from May to December in 2012. Table 4 shows the comparison results of active powergrid loss. From table 4, we can optimize GESCC based on the grid operation data set, taking into account the load change and the operation characteristics of the renewable energy power generation. The optimized scheme is applied to the Jilin power grid, helping reduce both the active power loss and the comprehensive operation cost of the power grid. The optimization method helps greatly enhance the economic benefit.
6.CONCLUSION
With the continuous improvement of power grid automation and the accumulation of grid operation data, domestic and foreign scholars have increasingly focused on the way to analyze power grid operation state from the perspective of power grid operation dataset. The GESCC optimization and setting method proposed in this paper is based on power grid operation dataset, rendering data utilization more straightforward and effective. Different GESCCs in Jilin power grid are optimized according to the proposed method in the paper. The result proves that the method helps fully develop the generator's ability of reactive regulation, improving the economics of power grid in service.
